OBJECTIVES The aim of this study was to characterize the range of management issues raised by adults with cardiovascular sequelae from Kawasaki disease (KD) in childhood.
population 18 years and older, there will be 175,000 adult KD patients, of whom 12,000 will have coronary aneurysms (5).
Autopsy and cardiac catheterization studies have established that the diagnosis of KD may be missed in childhood, and important cardiovascular damage may remain silent until adulthood, when thrombosis or critical coronary artery stenosis results in an acute ischemic event (6, 7) . Because the etiology of KD remains unknown, there is no specific diagnostic test, the acute illness is self-limited, and the physical signs and laboratory findings mimic other childhood illnesses, pediatric patients will continue to be misdiagnosed. This has created a population of young adults with significant cardiovascular damage who are unaware of their antecedent KD and risk for acute coronary syndromes or myocardial infarction (MI) . No systematically collected data are available to inform physicians on the natural history of KD decades after the initial illness in childhood.
To address this issue, the San Diego Adult KD Collaborative study was initiated as a longitudinal, observational study of young adults with childhood histories of KD. The present series focuses on the lessons learned from the subset of subjects who experienced challenging cardiovascular sequelae that required either catheter-based or surgical interventions.
METHODS
As of July 1, 2014, the San Diego Adult KD Collaborative study had enrolled 154 young adults (>15 years of age) in a longitudinal study of the cardiovascular sequelae of KD. A subset of patients who lived locally or were able to travel to San Diego underwent cardiac imaging with computed tomographic calcium scores.
Computed tomographic angiography was performed on the subset of subjects with clinical indications such as a history of cardiovascular abnormalities or a positive calcium score. Of the 154 subjects, 63 (40.9%) were originally diagnosed with KD in childhood and followed by 1 of the coauthors (J.C.B.) and were designated as cohort 1. This group of unselected subjects followed since disease onset can inform us about the natural history of KD. These 63 subjects had been followed for a mean of 18.0 years (range: 6.7 to 30.1 years), and 8 had aneurysms. The remaining 91 subjects (cohort 2), of whom 30 had aneurysms, were diagnosed with KD elsewhere and were referred by their physicians or self-referred for participation in the study. Thus, cohort 2 was likely biased toward subjects with more severe outcomes who might be more likely to seek participation in a study. Overall, 21 subjects (1 from cohort 1 and 20 from cohort 2) had undergone percutaneous interventional or surgical cardiovascular procedures and are included in this report. The demographic and clinical features of the study population are summarized in Table 1 . The study was approved by the Institutional Review Board at the University of California, San Diego. All parents gave written informed consent for the participation of subjects younger than 18 years, and subjects gave written assent or consent as appropriate.
RESULTS
Of the 21 subjects who underwent interventions, 11
were diagnosed with KD in childhood, while 10 were retrospectively determined to have had KD (Figure 1) .
Of the 11 patients who were diagnosed in childhood, 9 were recognized to have coronary artery aneurysms at the time of their initial illness, and 2 (#13 and #20) were thought to have only coronary artery dilation that resolved. Eight of the 11 subjects diagnosed in childhood with aneurysms were followed by cardiologists, and only 1 (#1) had an acute cardiovascular event that was treated with an emergent intervention. Three of 11 subjects were not followed longitudinally, and 1 (#20) required emergent percutaneous coronary intervention (PCI) with stenting, 1 (#13) required emergent bypass surgery for critical stenosis in the left main coronary artery, and 1 (#11) ultimately required cardiac transplantation for ischemic congestive heart failure. Of the 10 subjects without diagnoses of KD in childhood, presumed diagnoses of KD were made at the time of their acute presentation with either angina (n ¼ 1) or acute MI (n ¼ 9).
PCIs. Eight subjects presented with acute cardiac symptoms and underwent emergent percutaneous transluminal coronary angioplasty (PTCA) ( Table 2) .
Of these 8 subjects, 6 did not have diagnoses of KD in childhood, while 2 subjects (#11 and #20) had been Gordon et al.
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stenosis at the outlet of a heavily calcified 8-mm LAD aneurysm, an abnormal fractional flow reserve (0.74), and the patient's desire to discontinue warfarin therapy. She was asymptomatic and had normal results on stress echocardiography. Surgery was performed with a left internal mammary artery graft to the distal LAD and a right internal mammary artery graft to the circumflex artery. The subject continues to be asymptomatic 18 months following her surgery.
In two young female subjects ages 18 and 24 years (#6 and #10), the diagnosis of MI was delayed because of a failure to attribute their severe chest pain to myocardial ischemia. However, once the ischemia was recognized, both subjects underwent coronary angiography followed by CABG with venous grafts that are still functional 28 and 30 years later, respectively.
One subject (#13) had "dilation of the coronary artery" with his acute KD at age 4 years that resolved on echocardiography, and he was released from care. Gordon et al.
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Both subjects had developed KD at a very young age, which is a known risk factor for the development of Gordon et al.
A P R I L 1 1 , 2 0 1 6 : 6 8 7 -9 6 intervention. However, the mean age of our cohort 1 subjects is currently only 22.1 years (range: 15.0 to 31.7. years). The majority of acute events in subjects in our study occurred in the third to fifth decades of life. Thus, it is likely that additional cohort 1 subjects will experience cardiovascular events as they age. In a midterm follow-up study of 546 subjects with KD followed for an average of 14.9 years in the Kaiser Permanente system, only 2 patients had cardiovascular events after age 15 years (27) . Thus, longer term follow-up is needed to more completely describe the event-free survival rate in adults after KD in childhood.
The experience with CABG in this series was largely favorable. However, patient #19 had competitive blood flow through the aneurysms that may have led to thrombosis of his graft. PCI coupled with pharmacological management of thrombosis may be more appropriate in the setting of unstable angina or MI if there is the potential for competitive flow. CABG for aneurysms without significant localized stenosis should be avoided (28) . Patient #1 underwent CABG with a right internal mammary artery graft to the distal RCA, but the internal mammary artery was too short to allow implantation beyond a distal RCA aneurysm. Therefore, selection of the artery for grafting should include consideration of the gastroepiploic artery to bypass very distal aneurysms.
Kitamura in Japan has published his experience in 114 pediatric patients with both arterial and venous CABG, who had a 95% survival rate and a 60% cardiac event-free rate at 25 years after surgery (29) . Overall, the 20-year graft patency rate was 87% for internal mammary artery grafts (n ¼ 154) and 44% for saphenous vein grafts (n ¼ 30). Thus, although survival rates were good, this population requires close monitoring for late cardiovascular events.
STUDY LIMITATIONS. We recognize both strengths and limitations to this study. This is the first Western report of a series of cardiovascular complications in adults following documented or presumed KD in childhood. However, the observational nature of our study precludes our being able to draw conclusions about the impact of therapies or management approaches in this population. Best practices can be established only through the longitudinal study of large numbers of subjects with KD or through prospective studies, and guidelines are needed to structure the management of this growing patient population. An additional limitation of our study is the presumptive diagnosis of KD in 10 of the subjects.
Until the etiology of KD is established, there will continue to be some measure of uncertainty in the diagnosis of all patients diagnosed by clinical criteria that can overlap with other childhood illnesses.
CONCLUSIONS
The diagnosis of antecedent KD should be considered in any young patient presenting with angina or acute MI. A history of KD or a KD-compatible illness in childhood should alert the cardiologist to be prepared for the unique interventional challenges of the coronary artery lesions in this patient population.
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